A high concentrate diet was fed at 1.2, 1.5, 1.8 and 2.1% of body weight to four Angus steers (258 kg) equipped with cannulas in the proximal duodenum and distal ileum. As level of feed intake increased, flow of N, nonammonia N, microbial N and feed N to the small intestine increased linearly (P<.05). Bypass of feed N increased from 44 to 71% of fed N. At the highest intake level, ruminal protein degradation and protein solubility were almost equal. At lower intake levels, feed protein degradation exceeded N use by microbes, but at the higher level of intake, microbial protein synthesis exceeded N available from protein degradation. Microbial efficiency increased as feed intake was increased to 1.8% of body weight. Apparent digestion of N in the small intestine increased with feed intake. Starch digestion in the rumen increased slightly with feed intake while organic matter and acid detergent fiber (ADF) digestibility declined. At the highest level of feed intake, no ADF disappearance occurred in the rumen. Results suggest that level of feed intake markedly alters 1) bypass and supply of intestinally digested protein, 2) need for degradable N in the rumen, 3) efficiency of microbial growth and 4) ruminal fiber digestion. Both retention time and contingent characteristics of fermentation in the rumen appear to be involved in these alterations.
Introduction
Digestion of organic matter (OM) and degradation of feed N in the rumen is considered to ]Journal Article No. 4047 of the Oklahoma Agr. Exp. Sta., Stillwater 74078. 2Present address: Imperial Valley Field Station, 1004 E. Holton Rd., E1 Centro, CA 92243. be a relatively continuous process. Consequently, rumen retention time or exposure time of feed components to the rumen degradative processes would influence bypass. Several researchers (Miller, 1973; ~Jrskov and Fraser, 1973; Tamminga et al., 1979 ) also have suggested that bypass estimates may be greater with a higher level of feed intake, but the magnitude of the response has not been defined. Increasing level of intake of an 80% concentrate diet from 1.5 to 2.0% of body weight resulted in a 45% increase in bypass of N fed (Zinn and Owens, 1980) . The objective of the present study was to reevaluate the quantitative effect of level of feed intake on bypass of feed N.
Materials and Methods
Four Angus steers (250 kg) with "T" cannulas in the proximal duodenum (10 cm from pyloric sphincter) and distal ileum (30 cm from ileal-cecal valve) were used in a 4 • 4 Latin square experiment to measure the influence of level of feed intake on N metabolism. The diet contained 80% concentrate (table 1) and was fed at levels of 1.2, 1.5, 1.8 and 2.1% of body weight. Steers were fed at 0800 and 2000 h daily. Calves were allowed 2 wk for initial adaptation to the diet. Thereafter, experimental periods lasted 7 d with digesta samples collected the final 2 d of each period. Steers readily consumed their feed. During collection, samples were taken simultaneously from the duodenum, ileum and rectum at 2, 6 and 10 h postprandially with a 12 h feeding interval separating each collection series. Individual samples consisted of 500 ml duodenal, 200 ml ileal and about 200 g (wet basis) fecal material. Samples within animal and period were cornposited for analysis. Chromium sesquioxide was used as a digesta marker based on good comparison of spot sampling with total sampling with this marker (Zinn et al., 1980a 10.0 Cane molasses 5.0 Trace mineral salt .5 Limestone .5 Dicalcium phosphate .1 Urea .
Analysis. Dry matter of feed, chyme and feces were determined by oven drying at 65 C. Dried samples were ground and then subjected to all or part of following analysis: 1) ash, Kjeldahl N, ammonia N (AOAC, 1975) , 2) acid detergent fiber (Goering and Van Soest, 1970) , 3) chromium (Hill and Anderson, 1958), 4) .15 N NaCI soluble N (Waldo and Goering, 1979) , 5) starch (Macrae and Armstrong, 1968) and 6) nucleic acid N (Zinn and Owens, 1982 (Smith, 1975) . Organic matter digested in the rumen (OMF) was considered equal to OM intake minus the difference between the amount of OM reaching the duodenum and microbial OM. Feed protein passage to the small intestine was considered equal to total N leaving the abomasum minus the ammonia and microbial N components and, thus, includes any endogenous contributions. When F tests by the Latin square analysis of variance were significant (P<.05), the linear, quadratic and cubic effects of level of feed intake were analyzed by single degree of freedom comparisons.
Results and Discussion
The influence of level of feeding on N metabolism in steers fed an 80% concentrate diet is presented in table 2. Increasing level of feed intake resulted in linear increases (P<.01) in flow of N, nonammonia N, MN and feed N CGrams microbial N/kg OM fermented in the tureen. Cubic effect (P=.07).
to the small intestine. Percentage feed N escaping degradation in the rumen increased from 43.8 to 70.6% as level of feed intake increased. The magnitude of the response corresponded well with results of a previous trial (Zinn and Owens, 1980) . In that trial, increasing intake from 1.5 to 2.1% of body weight increased bypass by 47% for steers fed a similar diet (80% corn-based concentrate). Bypass increased linearly with feed intake at all levels examined. Inasmuch as the solubility of N in the diet was 27%, and a total of 29.4% of fed N was degraded at the highest intake level, continued linear increase was not expected. It is likely that the bypass estimate obtained at the 2.1% level of feeding approximates an upper limit assuming that: 1) soluble N components are quantitatively dissimilated within the rumen and 2) laboratory estimates of solubility accurately reflect solubility in vivo. Rapid dissimilation of the solubilized proteins is suggested by the low concentrations of soluble amino N components within the rumen at any postprandial time (i.e., <2% of total N, Moore and King, 1958; Zinn et al., 1980b) . Nevertheless, the rate at which the various feed N constituents are solubilized is dependent upon numerous chemical and physical characteristics such as pH (Waldo and Goering, 1979) . With high concentrate corn-based diets, estimates of N solubility should reflect the N components available in the rumen. Efficiency of microbial incorporation of N (g MN/kg OMF) averaged 21. While this estimate is similar to a mean value of 20 derived by summarizing results of 30 trials (Czerkawski, 1978) , both means have large variation. Such variation may reflect procedural limitations ranging from assumed relationships among various microbial constituents (i.e., N:OM) as well as inadequacies of microbial markers themselves . Both in vitro and in vivo techniques (Isaacson et al., 1975; Kennedy and Milligan, 1978; Redman et al., 1980; indicate that much of this variation in efficiency can be explained by differences in ruminal dilution rate. If ruminal dilution rate increases with feed intake, then feed intake might be anticipated to enhance microbial efficiency.
As level of feed intake was increased from 1.2 to 1.8% of body weight, microbial efficiency increased from 18.7 to 24.7 g MN/kg OMF, as shown in table 2. Increasing intake further, however, resulted in a decrease in microbial efficiency to 22.2 g MN/kg OMF. Consequently, the overall nature of the response of microbial efficiency to level of feeding was cubic (P<.07). Lack of linearity suggests that some factor may have limited microbial growth at the highest intake level.
Comparison of rumen-digested feed N to net MN incorporation reveals that at the higher two levels of intake, microbial protein synthesis exceeded feed protein digestion, indicating that a deficit of rumen available feed N for microbial protein synthesis existed. At the highest intake level, the net N deficit (15.0 g/d) may have exceeded the capacity for recycling N to the rumen. To maintain synthesis of MN at the same level as at the 1.8% intake level, an additional 20 g of available N in the rumen would have been required. Thus, despite the high protein content of the diet, results suggest that an added source of available N in the rumen, such as urea, may have increased microbial protein synthesis.
The influence of feed intake on OMF, starch and acid detergent fiber (ADF) is presented in table 3. Increasing level of intake reduced OMF (P<.05). Though part of this effect may be ascribed to reduced retention time in the rumen and total tract, the amount of readily fermentable OM presented to the rumen/unit time also increased with intake. Available substrate or low pH have been shown to influence characteristics of rumen fermentation and can alter rumen digestion of specific dietary ingredients. The increase in level of feed intake in this trial resulted in a slight, but significant increase in rumen starch digestion while ADF digestion in the rumen decreased (P<.05) from 32.5 to 0%. Implications of this decline in explaining specific associative effects of feed are obvious. Contingency or association between rate of protein digestion and that of other dietary components such as fiber also may be involved in the increased bypass. Apparent digestion of N in the small intestine averaged 69%. This estimate is similar to previous reports as reviewed by Zinn and Owens (1981) . Though increasing protein bypass by chemical or physical modifications may depress digestion of protein postruminally, increased bypass associated with elevated feed intake did not reduce postruminal available N. Apparent digestibility of nonammonia N entering the small intestine increased linearly with intake (P<.05) and bypass (table 2) . If feed N contains a constant indigestible fraction, then intestinal digestibility would increase automatically with bypass. Hence, the observation that apparent digestibility of nonammonia N entering the small intestine varies within a relatively narrow range (Zinn and Owens, 1981) may result from the averaging influence of microbial protein and may not be a reflection of the feed N per se. The metabolizable dietary N value of the increased bypass of feed N can be calculated given the assumption that 27% of the microbial N entering the small intestine is indigestible (Zinn and Owens, 1981) . This estimate of metabolizable dietary N represents the percentage of feed N that escaped rumen degradation, yet was digested and absorbed by the small intestine. Increasing level of feed intake linearly increased (P<.05) metabolizable dietary N value of feed N from 26% at the lowest level of intake to 56% of fed N at the highest level. While bypass increased by 61%, metabolizable dietary N value increased by 115%. Total tract apparent digestibility of dietary N was similar across treatments, averaging 70%, and thus did not reflect the changes in metabolizable dietary N value associated with level of feed intake.
Apparent digestibility in the small intestine of the nucleic acids in digesta entering this area averaged 88%. This agrees with the mean estimate of 88% (range 85 to 92) reported by Coelho Da Silva et al. (1972a,b) and McAllan (1980) . Supply of intestinally digested nonammonia N is of concern in new protein evaluation systems. As intake level was increased in this trial, nonammonia N disappearance from the small intestine more than doubled (41, 54, 72 and 89 g daily at the four intake levels, respectively). Expressed as a percentage of N intake, these values are 66, 64, 71 and 76, respectively. Dependence of bypass of feed protein, ruminal OM digestion, microbial efficiency and small intestine protein digestibility on feed intake level illustrates the complexity of dynamics of the digestive process and precludes the use of constant experimental values for these characteristics. How level of feed intake interacts with other modeling variables associated with diet composition (e.g., roughage source and level, feed additives and feed processing) remains to be determined. More complete understanding of the magnitude of these effects and interactions will expand our conceptual framework and allow more accurate modeling of N metabolism of the ruminant animal in the future.
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